Background
==========

Essential hypertension (EH) is a cardiovascular syndrome characterized by elevated systemic circulatory arterial pressure and caused by the combination of genetic and environmental factors. The survey showed that 30% of adults between the ages of 30 and 45 years old suffered from high blood pressure, 13.5% of the world's 7.6 million premature deaths are caused by high blood pressure, about 54% of stroke patients and 47% of ischemic heart disease is caused by high blood pressure \[[@b1-medscimonit-26-e920682]\]. The incidence of EH accounts for more than 90% of the hypertension population. Wang et al. found that the prevalence rate of hypertension in adults over 18 years old in China was 23.2%, the number of hypertension patients was 245 million, and the prevalence rate of normal high blood pressure was 41.3%, and the number of patients was 435 million \[[@b2-medscimonit-26-e920682]\]. High blood pressure has become the leading risk factor of stroke, coronary heart disease, and other cardiovascular, and cerebrovascular diseases in China.

The harm of EH is not only the increase of arterial pressure. More dangerous is that high blood pressure can also harm the corresponding target organs, resulting in a series of functional and organic complex lesions. Therefore, the American Society of Hypertension (ASH) pointed out that lowering blood pressure was no longer the only goal, whereas as a cardiovascular syndrome, EH was closely related to other cardiovascular-related diseases and can be treated by combination therapy \[[@b3-medscimonit-26-e920682],[@b4-medscimonit-26-e920682]\]. Traditional Chinese medicine (TCM) has the advantages of integrity, multi-target, multi-channel and so on \[[@b5-medscimonit-26-e920682]\]. Furthermore, it is widely used in the treatment of EH and is mainly based on the method of promoting blood circulation and removing blood stasis.

TaohongSiwu decoction (TaohongSiwu Tang, THSWT) was first reported in Wuqian'sbook named "Yizhongjinjian" in the Qing Dynasty and is often used to treat cardiovascular and cerebrovascular diseases such as EH in China. "If the blood has more blood clots, the color purple sticky, is the internal blood stasis, with Siwu Tang and *Persicae Semen*, *CarthamiFlos* broke blood stasis, named THSWT". Studies have shown that THSWT has a variety of effects on cardiovascular diseases, and through a variety of mechanisms. For instance, THSWT could treat acute blood stasis model rats through regulating amino acid and lipid metabolism \[[@b6-medscimonit-26-e920682]\] and could decrease infarct volume and improve neurological function in the rat of a stroke model \[[@b7-medscimonit-26-e920682]\]. THSWT is composed of 6 traditional Chinese medicines, which contains *Persicae Semen* (Taoren), *CarthamiFlos* (Honghua), *AngelicaeSinensis Radix* (Danggui), *Rehmanniae Radix Praeparata* (Shudihuang), *ChuanxiongRhizoma* (Chuanxiong), and *Paeoniae Radix Alba* (Baishao).

Network pharmacology is one of the most popular research methods in the field of Chinese medicine. The results of network analysis showed that different proteins or genes could regulate the same diseases, and some proteins could also regulate a variety of diseases \[[@b8-medscimonit-26-e920682]\]. Moreover, network pharmacology can analyze the mechanisms of multi-component action of Chinese herbal compounds as a whole \[[@b9-medscimonit-26-e920682],[@b10-medscimonit-26-e920682]\]. In addition, it can also independently present the "component-target-pathway" related to a particular disease, and its systematic and holistic characteristics are consistent with the principle of holistic view and syndrome differentiation and treatment of Chinese medicines, which can effectively promote the in-depth study of Chinese herbal compound prescription \[[@b11-medscimonit-26-e920682],[@b12-medscimonit-26-e920682]\]. It is a new way to reveal the material basis and molecular mechanisms of the efficacy of TCM by network pharmacology. Network pharmacological herb targets are found through Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP), which is a unique systems pharmacology platform of Chinese herbal medicines. It captures the relationships between drugs, targets, and diseases and the disease-related targets through Online Mendelian Inheritance in Man (OMIM) database, Drugbank and DisGeNET, then the common targets are selected and the protein-protein interaction (PPI) data were integrated and derived from String database. After that, enriched-related signal pathways marked by Database for Annotation, Visualization and Integrated Discovery (DAVID), meanwhile, network are constructed using Cytoscape software.

Although the chemical constituents of THSWT have been shown, the main active components and target-level signaling pathways of THSWT in the treatment of EH have not been elucidated. Therefore, this study used the method of network pharmacology to explore the mechanisms of THSWT in the treatment of EH, in order to provide a theoretical basis for further experimental research. The research was conducted in 3 steps: 1) THSWT and EH related targets were predicted by databases; 2) the related network relationships were constructed using the software of Cytoscape_v3.7.1; and 3) network analysis and target verification were completed. The flowchart is shown in [Figure 1](#f1-medscimonit-26-e920682){ref-type="fig"}.

Material and Methods
====================

The chemical database construction
----------------------------------

The herbs and chemical ingredients were searched from Traditional Chinese Medicine Systems Pharmacology database (TCMSP, *<http://lsp.nwu.edu.cn/tcmsp.php>*, updated on December 25, 2018), which is considered as an herbal encyclopedia can supply herbal ingredients information \[[@b13-medscimonit-26-e920682],[@b14-medscimonit-26-e920682]\]. TCMSP is famous for its unique pharmacology platform for Chinese herbs containing the herbal ingredients chemical structural data, oral bioavailability, drug targets, as well as their relationships with diseases \[[@b14-medscimonit-26-e920682]\].

Constituents and targets of THSWT
---------------------------------

Herbal medicines formula often contains even up to thousands of chemical compounds, and only a part of them exhibit favorable pharmacokinetics (the absorption, distribution, metabolism, and excretion (ADME) properties of a drug) with the potential of a biological effect. All compounds were selected using TCMSP and screened using the ADME system in this research \[[@b15-medscimonit-26-e920682],[@b16-medscimonit-26-e920682]\]. The evaluation of oral bioavailability (OB) and drug-likeness (DL) included in the ADME system were used to screen compounds of THSWT with OB ≥30% and DL ≥0.18 according to the suggested drug screening criteria of TCMSP \[[@b17-medscimonit-26-e920682],[@b18-medscimonit-26-e920682]\].

The putative target of the ingredients within THSWT
---------------------------------------------------

The compound targets of each herb found in THSWT were collected from TCMSP and UniProtKB \[[@b19-medscimonit-26-e920682],[@b20-medscimonit-26-e920682]\] (*<http://www.uniprot.org/>*, updated on December 27, 2018) was employed to identify the standard compound targets. UniProtKB is regarded as a scientific community which always provides a high-quality and accessible resource of detailed protein information \[[@b19-medscimonit-26-e920682],[@b20-medscimonit-26-e920682]\]. The collected protein names were entered into UniProtKB with the organism selected as "Homo sapiens." The compound targets having no satisfaction with the selection were deleted. Therefore, we obtained the compound targets for each herb in THSWT.

The prediction of known therapeutic targets on EH
-------------------------------------------------

The 3 databases from which we collected therapeutic targets on EH are as follows: 1) Online Mendelian Inheritance in Man (OMIM) database \[[@b21-medscimonit-26-e920682],[@b22-medscimonit-26-e920682]\] (*<https://omim.org/>*, updated on December 29, 2018), which was famous for its knowledge related genes with diseases. 2) Drugbank \[[@b23-medscimonit-26-e920682],[@b24-medscimonit-26-e920682]\] (*<https://www.drugbank.ca/>*, updated on December 30, 2018), which was used to find specific drug information with drug targets. 3) DisGeNET \[[@b25-medscimonit-26-e920682],[@b26-medscimonit-26-e920682]\] (*<http://www.disgenet.org/>*, updated on December 30, 2018), which contained detailed genes with diseases. We searched the data from the three databases using the same keyword "Essential Hypertension".

Target protein interaction analysis
-----------------------------------

After the putative targets of the ingredients within THSWT and the known therapeutic targets on EH combined and connected, the protein-protein interaction (PPI) data were integrated and derived from String (*<https://string-db.org>*, updated on December 13, 2019) which is an update online database, known as revealing target protein interaction analysis.

Network construction and pathway enrichment analysis
----------------------------------------------------

Herb-Compound-Compound Target Network and THSWT-Herb-Compound-Compound Target-EH Network were then constructed by using Cytoscape_v3.7.1. Besides, functional annotation of genes-related EH in THSWT was carried out by using Database for Annotation, Visualization and Integrated Discovery (DAVID) ver. 6.8 (*<https://david.ncifcrf.gov/>*, updated on December 31, 2018), and enrichment analysis of Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway was performed. KEGG (updated on December 31, 2018) was established in 1995 by the bioinformatics center of Kyoto University, Japan, and could be used to predict gene enrichment pathways \[[@b27-medscimonit-26-e920682],[@b28-medscimonit-26-e920682]\]. The Advanced Bubble Diagram was performed by using the OmicShare tools \[[@b29-medscimonit-26-e920682],[@b30-medscimonit-26-e920682]\], a free online platform for data analysis (*<http://www.omicshare.com/tools>*).

Results
=======

Compounds in THSWT
------------------

All compounds of Chinese herbs in THSWT were screened by TCMSP database according to OB ≥30% and DL ≥0.18. Finally, we found 23 compounds in Taoren, 22 compounds in Honghua, 2 compounds in Danggui, 2 compounds in Shudihuang, 7 compounds in Chuanxiong, and 13 compounds in Baishao. There was a total of 61 compounds identified in 6 kinds of Chinese herbs in THSWT (Supplementary Table 1).

Target compounds and target genes
---------------------------------

According to the target screening of the compounds, we found that there were 170 target genes in 6 Chinese herbs in THSWT. There were 45 targets in Taoren, 159 targets in Honghua, 46 targets in Danggui, 29 targets in Shudihuang, 23 targets in Chuanxiong, and 78 targets in Baishao, respectively. The network relationship between 6 Chinese herbs, 61 compounds, and 170 compound-related targets are shown in [Figure 2](#f2-medscimonit-26-e920682){ref-type="fig"}, which showed the interaction of targets contained 221 nodes and 531 edges. The interaction of targets is vital in herbal interaction. Therefore, the interaction network indicated the relationship of the herb-compound-compound target of THSWT. Also, the predicted targets for herbs in THSWT are shown in Supplementary Table 2.

Linkage of compounds targets and target genes related to EH
-----------------------------------------------------------

Through the prediction of EH targets in the databases, we found 690 gene targets related to EH (Supplementary Table 3). Furthermore, a total of 23 targets related to EH were screened in 6 herbs of THSWT (Supplementary Table 4). Moreover, we used string to illustrate the interaction between these 23 targets. As show in [Figure 3](#f3-medscimonit-26-e920682){ref-type="fig"}, there were 23 nodes and 103 edges, and the average node degree was 8.96, meanwhile, the avg. local clustering coefficient was 0.742. In addition, the *P*-value \<0.001 showed that the PPI enrichment was of great significance. There was the greatest correlation between VEGFA and HIF1A, many other correlations are shown in the Supplementary Table 5. The network of "THSWT-Compounds-Targets-EH," including 46 nodes and 185 edges, as established in [Figure 4](#f4-medscimonit-26-e920682){ref-type="fig"}, which exhibited 1 formula, 15 compounds, and 23 targets related to EH. We found that 6 of the 15 compounds, such as kaempferol, quercetin, luteolin, Myricanone, beta-sitosterol and baicalein, regulated more than 3 genes. At last, 6 of the 23 genes (*ADRB2*, *CALM1*, *HMOX1*, *JUN*, *PPARG*, and *VEGFA*), were regulated by more than 3 herbal compounds at the same time in this network pharmacological study. Therefore, these 6 compounds and 6 genes may be the core nodes.

Pathway Enrichment analysis of potential target genes
-----------------------------------------------------

Based on the pathway enrichment results of 23 target genes, we found the top 20 pathways, as shown in [Figure 5](#f5-medscimonit-26-e920682){ref-type="fig"}. The enrichment pathways were mainly concentrated in Calcium signaling pathway, hepatitis B, cGMP-PKG signaling pathway, and other pathways. According to the results of KEGG analysis, the main pathways with *P*\<0.05, which were considered as significant enrichment effects of the representative pathway, more than 3 enriched genes listed in [Table 1](#t1-medscimonit-26-e920682){ref-type="table"}. Therefore, the mechanisms of THSWT against EH may be mainly related to Calcium signaling pathway, cGMP-PKG signaling pathway, cAMP signaling pathway, PI3K-Akt signaling pathway, and Rap1 signaling pathway. At last, the merged network was constructed, indicated the possible mechanisms by which THSWT against EH as shown in [Figure 6](#f6-medscimonit-26-e920682){ref-type="fig"}.

Discussion
==========

Network pharmacological analysis of Chinese medicines is becoming a research method to study the effect of Chinese medicines on diseases, in order to reveal the complex components and unknown targets \[[@b8-medscimonit-26-e920682],[@b9-medscimonit-26-e920682],[@b11-medscimonit-26-e920682]\]. Although THSWT is often used in the treatment of EH in China, the mechanism is not clear. Therefore, this study was used to study the components and targets of the effect of THSWT on EH through the method of network pharmacology.

The results of our network pharmacology showed that the THSWT, composed of 6 Chinese herbal medicines, contained 15 compounds, and 23 genes regulated the main signaling pathways related to EH. Moreover, the PPI network based on targets of THSWT on EH revealed the interaction relationship between targets. These core genes were *ADRB2, CALM1, HMOX1, JUN, PPARG, VEGFA*, which were regulated by more than 3 compounds and significantly associated with Calcium signaling pathway, cGMP-PKG signaling pathway, cAMP signaling pathway, PI3K-Akt signaling pathway, Rap1 signaling pathway, and Ras signaling pathway.

Six of the 15 disease-related compounds in the network, kaempferol, quercetin, luteolin, Myricanone, beta-sitosterol, baicalein, were thought to be associated with cardiovascular diseases. Kaempferol was the main component of Honghua and Baishao, which has the functions of reducing lipid, anti-oxidation, and anti-inflammation, and considered to be related to cardiovascular diseases \[[@b31-medscimonit-26-e920682]\]. Quercetin in the formula was mainly in Honghua, considered to exist mainly in Chinese herbal medicines, fruits and vegetables, is a natural flavonoid active substance, in anti-inflammatory, antioxidant, and anticancer effects were significant \[[@b32-medscimonit-26-e920682],[@b33-medscimonit-26-e920682]\]. Luteolin mainly existed in Honghua, which has many functions, such as anti-inflammation, anti-allergy, anti-tumor, anti-fibrosis, and so on \[[@b13-medscimonit-26-e920682],[@b34-medscimonit-26-e920682],[@b35-medscimonit-26-e920682]\]. Myricanone mainly existed in Chuanxiong and has an obvious anti-tumor effect \[[@b36-medscimonit-26-e920682],[@b37-medscimonit-26-e920682]\]. Beta-sitosterol mainly existed in Taoren, Honghua, Danggui, and Baishao, which is considered to have the function of lowering blood lipids and has a protective effect on cardiovascular and cerebrovascular diseases \[[@b38-medscimonit-26-e920682],[@b39-medscimonit-26-e920682]\]. Baicalein exists in Honghua and has many pharmacological effects, such as anti-tumor, anti-bacterial, anti-obesity, anti-oxidation etc. \[[@b40-medscimonit-26-e920682],[@b41-medscimonit-26-e920682]\] In general, our research shows that the main components of THSWT play an important role in regulating EH.

In addition, these 6 significant target genes were associated with EH and other diseases. The *ADRB2* gene can increase the risk of hypertension, and the systolic blood pressure level of its carriers is high \[[@b42-medscimonit-26-e920682]\]. *CALMI* gene plays an important role in the intracellular Calcium signaling pathway \[[@b43-medscimonit-26-e920682]\]. As a marker of adipose tissue dysfunction induced by iron excess, *HMOX1* gene can affect the glucose uptake and respiratory ability of human adipocytes \[[@b44-medscimonit-26-e920682]\]. The *JUN* gene plays an important role in immune anti-inflammation \[[@b45-medscimonit-26-e920682],[@b46-medscimonit-26-e920682]\]. The *PPARG* gene is considered to regulate fatty acid metabolism gene networks \[[@b47-medscimonit-26-e920682]\]. The *VEGFA* gene mainly mediates angiogenesis and metabolism \[[@b48-medscimonit-26-e920682]\]. Besides, there were the interaction correlations between these targets, which is very important in drug interaction.

The results of KEGG revealed that 5 signaling pathways (Calcium signaling pathway, cGMP-PKG signaling pathway, cAMP signaling pathway, PI3K-Akt signaling pathway, Rap1 signaling pathway, and Ras signaling pathway) might be the main signaling pathways related to EH in this network study. The Calcium signaling pathway can increase calcium load and cause cardiovascular diseases such as arrhythmia \[[@b49-medscimonit-26-e920682]\]. The cGMP-PKG signaling pathway regulates vascular circulation and induces arterial relaxation \[[@b50-medscimonit-26-e920682]\]. The cAMP signaling pathway is one of the signals activate G-protein in intracellular information transmission and activator by binding to specific receptors on the cell membrane, and then promote the transformation of adenosine triphosphate into cAMP \[[@b51-medscimonit-26-e920682]\]. The PI3K-Akt signaling pathway promotes the expression of PI3K, Akt proteins and activates thrombopoietin receptor-2, thus promoting neovascularization \[[@b52-medscimonit-26-e920682]\]. The Rap1 signaling pathway promotes apoptosis and protects myocardial ischemia-reperfusion injury \[[@b53-medscimonit-26-e920682]\]. The Ras signaling pathway induced the increase of intracellular reactive oxygen species (Ros) and apoptosis of vascular smooth muscle cells (VSMCs) \[[@b54-medscimonit-26-e920682]\]. Therefore, our results suggest that these 5 signaling pathways might be the mechanisms of THSWT affecting EH.

Network pharmacology is indeed considered to be a new method to study the relationship between Chinese herbal compounds and diseases. The network pharmacology revealed the composition and targets of THSWT, as well as EH-related genes and targets, and bioinformatics was used to study the main enrichment pathways. Our study predicted the potential therapeutic targets of THSWT on EH, revealed its action on the main pathways through core compounds and genes, which explained the mechanisms of THSWT on EH, and provided scientific evidence for THSWT to EH. According to our findings from the present study, further studies should be undertaken to research the relationship between agents used about THSWT in EH. Moreover, the validation of molecular levels of our findings is necessary for the future. However, the main limitation of this study is the lack of experimental verification. In the future, it is of great significance to conduct a further systematic study of THSWT, to investigate the detailed mechanisms.

Conclusions
===========

This study aimed to investigate the mechanisms of THSWT in the treatment of EH, we performed compounds, targets prediction and network analysis by using a network pharmacology method. We analyzed the composition and targets of THSWT by network pharmacology, screened 61 compounds and 170 genes, and finally found 15 compounds and 23 genes related to EH through further screening. THSWT resisted EH mainly by 6 key compounds, such as kaempferol, quercetin, luteolin, Myricanone, beta-sitosterol and baicalein, and the 6 key target genes (*ADRB2*, *CALM1*, *HMOX1*, *JUN*, *PPARG*, and *VEGFA*), which might be through 5 main signaling pathways (Calcium signaling pathway, cGMP-PKG signaling pathway, cAMP signaling pathway, PI3K-Akt signaling pathway, Rap1 signaling pathway, and Ras signaling pathway) related to EH in this network study. This network pharmacological study can reveal potential mechanisms of multi-target and multi-component THSWT in the treatment of EH, provide a scientific basis for studying the mechanism.
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![The flowchart for the treatment of EH (essential hypertension) by network pharmacology.](medscimonit-26-e920682-g001){#f1-medscimonit-26-e920682}

![Interaction network to indicate herb-compound-compound target composited of 6 Chinese medicines (purple), 61 compounds (green) and 170 targets (blue).](medscimonit-26-e920682-g002){#f2-medscimonit-26-e920682}

![The PPI network based on targets of THSWT on EH. Network nodes represent different proteins. Edges represent protein-protein associations, the line thickness indicates the strength of data support. PPI -- protein--protein interaction; THSWT -- TaohongSiwu decoction; EH -- essential hypertension.](medscimonit-26-e920682-g003){#f3-medscimonit-26-e920682}

![THSWT-herb-compound-compound target-EH Network with 1 formula (brown), 6 Chinese medicines (purple), 15 compounds (green), 23 targets (blue) and 1 kind of disease (red). THSWT -- TaohongSiwu decoction; EH -- essential hypertension.](medscimonit-26-e920682-g004){#f4-medscimonit-26-e920682}

![Top 20 pathways enriched based on target genes (the abscissa is the rich factor, the ordinate is pathway name, the number of genes is represented by the size of the dot and the color represents the *P* value).](medscimonit-26-e920682-g005){#f5-medscimonit-26-e920682}

![The THSWT-herb-compound-compound target-EH Network and main pathways with 1 formula (brown), 6 Chinese medicines (purple), 15 compounds (green), 23 targets (blue square) 5 pathways (blue circle), and 1 kind of disease (red). THSWT -- TaohongSiwu decoction; EH -- essential hypertension.](medscimonit-26-e920682-g006){#f6-medscimonit-26-e920682}

###### 

Functions of potential target genes based on Kyoto Encyclopedia of Genes and Genomes pathway analysis.

  ID         Term                         P value    Genes
  ---------- ---------------------------- ---------- ----------------------------------------------
  hsa04020   Calcium signaling pathway    1.51E-05   CALM1, ADRB2, NOS3, ERBB2, NOS2, DRD1, ADRB1
  hsa04022   cGMP-PKG signaling pathway   1.42E-03   CALM1, ADRB2, NOS3, INSR, ADRB1
  hsa04024   cAMP signaling pathway       3.24E-03   CALM1, JUN, ADRB2, DRD1, ADRB1
  hsa04151   PI3K-Akt signaling pathway   2.22E-02   HGF, NOS3, VEGFA, INSR, IL6
  hsa04015   Rap1 signaling pathway       2.82E-02   CALM1, HGF, VEGFA, INSR
  hsa04014   Ras signaling pathway        3.40E-02   CALM1, HGF, VEGFA, INSR
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